This study showed that we can develop semiparametric ※ or non-parametric statistical procedures ※※ for use with RERF data on chromosomal aberrations, which are only available for some of the members of the Life Span Study (LSS). The purpose of use of these approaches would be to correct for errors in survivors' dose estimates in a typical "excess relative risk" regression analysis commonly done at RERF to relate disease outcome to radiation dose. The advantage of the approaches is that they make few (semiparametric) or no (nonparametric) assumptions about the statistical distributions of the errors in the dose estimates and some other key variables.
Explanation
We developed several statistical procedures to correct LSS risk estimates for errors in survivors' dose estimates that are due to inaccuracies in reported distance and shielding. These methods use data on chromosomal aberrations, which are only available for a subset of the LSS.
Study purpose
It has long been recognized that survivors' dose estimates are subject to considerable random error due to errors in reported distance or shielding. Even though these errors are modeled as being unbiased in the logarithm of the dose, i.e., the reported dose on average is equal to the true dose, this type of random error still causes an error in risk estimates that are based on the dose estimates. RERF currently has a method for adjusting dose estimates to correct for this random error effect, but that method makes strong statistical assumptions about the distribution of the unobservable true doses among survivors and the distribution of errors for a given true dose. It was desired to devise a method that would make fewer statistical assumptions and would directly utilize the information in chromosomal aberration measurements that are available for a subset of the LSS.
Study methods
The risk regression was taken to be an excess-relative risk (ERR) hazard regression
The excess relative risk model is a commonly used model at RERF that relates the risk of some outcome for a person with a certain radiation dose and certain values of other covariates such as age at the time of bombing and age at which the risk is specified, to the risk for a person with zero dose and "centering values" of the other covariates. A centering value is a value that is common in the data and is used as a reference for reporting a result that is a function of several variables. For example RERF often reports risk for a person of age 70 who was exposed at age 30 in order to give a single value for purposes of comparison and risk communication, although the risk is defined at other ages of exposure and ages at risk. Hazard regression is a method sometimes used with RERF data on the occurrence of health outcomes such as cancer incidence or mortality; it uses the times to occurrence of the event for individual survivors, rather than the more common RERF method of creating tables by crossclassifying the time-to-occurrence data on covariates and analyzing the tables by Poisson regression ※※ .
For the ERR hazard regression, methods were developed that are based on expected values and estimating equations rather than maximization of likelihoods, in order to minimize the necessary assumptions about the distributions of the outcomes and the errors in the dose estimates.
※ an excess-relative risk hazard regression: a procedure that estimates the risk of an outcome (hazard function) relative to the risk of the outcome for some reference group, such as those with zero radiation dose.
※※
Poisson regression: a procedure that estimates the risk of an outcome based on the assumption that events related to the outcome have a Poisson probability distribution.
Study results
(1) A semiparametric regression calibration (RC) estimator ※ was developed. It uses an assumed linear regression relationship of the error-prone dose estimate to the chromosomal aberration data and the error-free covariates such as age and sex, but it does not make specific assumptions about the statistical distributions of the unobservable true dose or the error-prone observed dose given the true dose.
(2) A non-parametric correction estimator ※※ was developed. It does not require the assumption of a linear regression relationship that is required for the semiparametric estimator above. However, it can only be applied to the subset of survivors who have measurements of chromosomal aberrations.
(3) Joint non-parametric and optimal linear combination estimators ※※※ were developed using the nonparametric correction estimator, to extend the correction to the full cohort including those without chromosomal aberration data.
※ A semiparametric regression calibration estimator: a semiparametric (see above) formula to estimate a quantity that allows us to correct some variable for random error.
※※
A non-parametric correction estimator: a nonparametric (see above) formula to estimate a quantity that allows us to correct some variable for random error.
※※※ optimal linear combination estimators: a combination of two estimators (see above) that is linear, i.e., a specified constant times one estimator plus another specified constant times the other estimator.
Study Significance RERF currently adjusts the survivors' dose estimates for the effect of random error by using a method that makes rather strong statistical assumptions. This paper provides several new methods that make fewer or less-specific assumptions. Although their implementation in practice might prove difficult, the theoretical development of the new methods is an important step. The new methods developed here suggest that measurement error in the survivors' dose estimates could cause the risk of solid cancer mortality to be underestimated by 30% or more when corrections are not made. As noted above, RERF uses a method to correct for this effect, but finding the best method is a subject of continuing research.
The Radiation Effects Research Foundation has studied A-bomb survivors and their offspring in Hiroshima and Nagasaki for around 70 years. RERF's research achievements are considered the principal scientific basis for radiation risk assessment by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) and for recommendations regarding radiation protection standards by the International Commission on Radiological Protection (ICRP). RERF expresses its profound gratitude to the A-bomb survivors and survivors' offspring for their cooperation in our studies.
